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U. S. Envirommental Protection Agency
401 M Street, S. W, :
Washington, D. C. 20460

Dear Mr. Thomas:

The Science Advisory Roard's Stratospheric Ozone Subcommittee has
campleted its review of EPA's risk assessment document entitled An Assess-
ment of the Risks of Stratospheric Modification and is pleased to transmit its
final report to you.

The Subcamittee carried out an independent evaluation of the assumptions,
conclusions and interpretations used by EPA in assessing the existing scientific
infomation related to stratospheric ozone modification. The Subcommittee
also advised EPA on the thoroughness and balance of its treatment of particular
scientific issues, noting areas of cmission as well as areas emphasized in
the assessment documert, and reviewing EPA's characterization of scientific
uncertainties,

EPA's draft assessment document Fepresents an exrensive effort to develop
an integrated risk assessment, based Jpon currently available scientific
information, to ascertain the potential threat to the stratosphere posed by a
continued growth world-wide of emissions of chlorofluorocarbon campounds
(CFCs). The Subcommittee generally finds that FPA had done a cammendable job
in the body of the report of assembling the relevant scientific information,
although the Subcommittee has many recamendations for improving the document.
The uncertainty in future. CFC emissions has been characterized in the ERA
draft as encompassing a range of 0 to 5% for annual emissions growth, with
1-4% as the most likely portion of the range. The Subcommittee recommends that
EPA present the 2,5% growtn rate as one of a series of illustrative “what-if"
scenarios, rather than as a rmost likely case. The revised Executive Summary
adopts this advice,

Depletion of the ozone column can increase ultravielet radiation (UVB),
restulting in an increase in nonmelanoma skin cancer. Available scientific
evidence suggests that melanema may also increase as a vesult of increased
ultraviolet radiation. There may be other significant health effects, in
addition to adverse impacts :n plants and aquatic organisms. Information
on the impacts of increased nltraviolet radiation on plants and aguatic
organisms is extremely limir~i. The Subcommittee belisves that the potential
for adverse impacts on plares and aquatic organisms is sufficiently large to
warrant high priority for further investigation,



The Subcommittees belisaves that the information summarized in the draft
risk assessment supports the conclusidn™that the possible impact of CFCs on

lnvestigation and analysis by EPA and other Federa) agencies, and provides a
scientific basis for the recently initiated international efforts to address
this problem.

The Subcommittee reviewed the first drafe of the entire dssessment
document during its initial meeting. Following that session, using comments
received from members of the Subcammittee and the public, EPA staff rewrote
the Executive Summary. This revision was resubmitted in time for the

We appreciate the opportunity to participate in the evaluation of this
important public health and environmental issue. We request that the Agency
formally respond to the scientific advice provided in the attached report,

Sincerely,

(L lrgrsad. 520 doe

Margaret Kripke
Chair

Stratospheric Ozone Subcamittes
Scienge Alvisory Board

! t
W e/ rn
Norton Nelson
Chair
Executive Camitree
Science AMdvisory Board

cC: A, James Barnes
Jack Campbell
Vaun Newill
Craig Potter
Terry F. Yosie
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NOTICE

This report has been written 45 a part of the activities of
the Science Advisory Board, a public advisory group providing
extramiral scientific information and advice to the Administrator
and other officials of the Envirormental Protection Agency. The
Board is structured to provide a balanced expert assesament of
scientific matters related to probleme facing the Agency. This
report has not been reviewed for approval by the Agency, and
hence the contents of thisg report do not necessarily represent

nor of other agencies in the Executive Branch of the Federal
goverrment, nor does mention of trade names or cammercial products
constitute endorsement of tecammendation for use,
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I. Introduction

A, Scope and Charge of the Subecrrmittee's Review

On Jaruary 9,'1986 EPA's Assistant Administrator for Air requested
the Science Advisory Board to evaluate the Agency's assessment of the
risks of etr%teepheric medificatioe. Specific questions posed to the
Board included reviewing and assessing EPA's treatment of the scientific
issues of concern (e.g., long term trends in trace gases, atmospheric
science, and health and ecological effects from ozone. depletion).

On Janua;y 31, 1986 the Science Advieery Board Executive Committee
accepted this request and authorized the formation of a Stratespheric
Ozone Subcommittee to conduct the review. The Subcamittee's role was to
carry out an independent evaluation of the essumptlens, conc1u510ns and
interpretations developed or used by EPA.in assessing the existing scientific
information related to Stratospheric ozone modification. The Subcommi ttee
also advised EPA on ﬁhe thoroughness and balance of its treatment of
particular scientific issues, noting areas of cmission as well as areas
emphasized in the assessment document, and reviewing EPA's characterization
of scientific uecerteintiee.

The Subccmmittee's primary effort was directed.at examining the
scientific log1c used by FPA in 1ts eEforts Lo synthesize the available
scientific literature, Wwhile it conducted a chapter-by~chapter review of
the assessment document, ﬁhe Subcammittee recognizes that net all of the
issues discussed in eachvshaptﬁr are of equal public health or envirormental
importance.

At no time Aid the Hueeawnitcee believe that its role was to assist
EPA in wrltlng the asscssm. it document.  Instead, it has offered specific

technlcel advice For Unr wing the scientific quality of the document. EPA



MmISt then decide whether to accept or not accept this advice. The Sup—
coamittee alsé construed 1ts role as an advisor rather than as a final
approval body that would supervise detailed editorial and factual changes
to all secti?ns of the document. The latter role was beyorxd the Subcom-
mittee's resource capability and was also inconsistent with the role of
an advisor performirng a timely review,

B. Subcomrittee Review Procedures

The Subcammittee met twice in public session in Washington, D. c,,
on November 24-25, 1986 and January 26-27, 1987, Notice of each meeting

was published in the Federal Register. During its meetings the Subcommittee

heard presentations from EPA staff and had the opportunity to provide
both verbal and written criticigms of the material submitted for review,
In addition, the Subcommittee made time available for members of the
public to present verhal and written camments on the scientific adequacy
of EPA's assassment‘document. Participating organizations inecluded the
Alliance for a Responsible CEC Policy, Chemical Manufacturers Association,
Dupont Corporation, Envirenmental Defense Fund and Natural Resourceg
Defense Council, as well as individual rembers of the scientific community.
These presentations, and the interactions between the Subcammittee and
EPA staff, resulted in a wide ranging scientific dialogue whose aim was
te seolicit information and facilitate the subcommittee's effort to achieve
congensus on the major issues for which it was advigsing EPA,

The Subcamﬁittee reviewed the first draft of the entire assessment
document during its initial meering.  Following that session, using
corments recsived from reters of the subcormittee and the publie,

EPA staff rewrote the Fyeourive Summary. This revision was resubmitted
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in tirrg for the Subcammittee's second meeting, The Subcmmlttea S report,
therefore, provmes scientifie adv:.ce on the revised Executive Summary
and the first draft of the individual chapters of the assessment document,

Follmili; its first meeting, the Subcommittee drafted an interim
report ‘that“smma.ri‘zed its major thoughts at that stage of the review,
This was expanded and updated at the second meeting. Final editing of
the report was carried cut by mail and telephone conversations. The Science
Adv150ry Board's Executive Committee approved the report by mail on
February 25, 1987,

The Spbccxmittee members have not Seen revisions to the individual
chapters and‘ réquest that EPA staff transmit the revised chapters ard any
flirther: revision of the Executive Summary for their individual review
once this task is completed. Following this individual member cycle of
review, the Subcomittee Chair and Vice—Chair will trahsmit a letter to
EPA noting the extent to which the Agency has responded to its scientific
advice.

II. General Caments and Conclusions

EPA's draft document represents an extensive effort to develop an
integrated risk assessment based upon currently available scientific
infomat‘ion Lo ascertain the potential threat to the stratosphere posed
by a continued growth .:world-wide of emissions of chloroflucrocarbon (CFCs)
camnpounds.  The Subcammittee generally finds that FPA has done a commendable
job of assembling the relevant scientific. information in the body of the
document, although the Subca’mit‘teel has many specific recommendations for
improving the Lreatment of particular scieatific issues and cha‘rac:terizing
scientific uncertainties,

EPA states the unc;ertainty‘ in future CFC emissions as encanpassing a
range of 0 to 5% for annual emissions growth, with 1-4% as the most

likely scenario within the range. The Subcommi ttee recanmended that EPA



present the 2.5% growth rate as one of a series of illustrative "what-if"
scenarios, raﬁhEr than as a most likely case. The revised Executive
summary adopts this advice. ey

Calculations with one and two dimensional atmospheric models indicate
that ccntinuéd CFC annual emissions growth of 2.5% or above coyld lead to
depletion of global column ozone by several percent within thé next forty
vears and much higher reductions in subsequent decades if this rate of
CFC emissions growth continues. Qzone reduction will contirue, albeit at
a slower rate even if the rate of emissions becames constant. The retention
time of CFC gases in the atmospheric is decades to centuries, so that the
CFC buildup cannot be quickly reversed once it hag occurred. The impacts
of ozone depletion will be largest at high latitudes and at high elevations
of the stratosphere, although changes in ultraviolet radiation will be .
determined by column ozone (total 0zone in a column through all levels of
the atmosphere).

Changes in CFC gases interact with changes in ;reenhouse gases (C0s,
N2O, CHg) in determining changes in ozone concentrations. The impact of
CFC emissions on ozone concentrations may be even larger if growth in
these greenhouse gases is reduced fram current trends. In addition, CFC
gases have a potential impact on global climate, although this impact
appears to be only about 20 percent of that anticipated from changes in
02, N0, and CHg. The impact on climate of changes in ozone concentration
appears to be small by comparison.

Depletion of rthe ozone column ean increase ultraviolet radiation
(UVB), resulting in an increaée in non-melanoma skin cancer. Available
scientific evidence su p-st3 that melanama may also increase as a result

of increased ultravielor raaiation, There may he other significant health
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effects, in addition to adverse iméacts on plants and aquatic organisms,
Information on the impacts of increased ultréviolet radiation on plants
and aquatic organisms is extremely 1imited. The “Subcammittée believes
that the pogfntial for adverse impacts‘on plants and aquatic organisms is
sufficiently large.so that further research of these areas should receive
high priority.

The Subcamnittee believes that the information summarized in the
draft risk assessment Supports a conclusidn that the possible impact of CFCs
on the stratosphere should be considered'a high priority issue for further
investigation and analysis by EPA and other Federal agencies, and provides
a scientific basis for the recently initiated internétional efforts to
address this problem.

The draft document represents a useful step toward ccnnuniéating the
applicable scientific infcrmation to decision makers, bﬂt decisions on
CFC regulations will require further analysis of the requlatory options
beyond the analyses presented in the draft risk assessment.

The Suboamnittee has reviewed, but has not evaluated in detail, the
Quantitative projections of health and other impacté associated with growth
in CFC emissions that are contained in‘the draft risk agsesgment. The
integrating model_appears‘td be a useful vehicle for‘summarizing the
implications of alternative assumptions regérding emissions, atmospheric
response to CFCs and other trace gases, implications for changes in
ultraviclet radiation, and consequent changes in the incidence of skin
cancer in the U, S. ompulation Auring the lifetimes of the current
population and those individﬁals born during the next century. Some
other impacts {e.q., eccnomic costs of damage to polymeric materials,

soybeans as an example >t crop loss, and anchovy loss as an example of
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population impact £or a sensitive agquatic species) are included in the
quantitative analysis using the integrating model. Many potentially
important w are not included;;nce the ini%érmtion to suppott
quantitative projections of these impacts is not yet available,

The draft document makes a reascnable attempt to characterize
uncertainties in scientific knowledge and in the assumptions for growth
of CFC emissions. The Subcommittee recommends further efforts to state
assumptions more explicitly and to more clearly characterize the limits
of currently available information.

The draft document is long and repetitive and, yet, some critical
information is not readily available. As an example, much of the discussion
of CFC emissions' projections in Chapter 3 presents results with little
information on underlying assurptions and data. EPA has taken these
results fram contractor reports that are not available in the peer reviewed
literature. It is highly desirable that the final document, with its
appendices, be self-contained and reasonably camplet=. Additional appendices
summarizing contractor work and documenting more fully the integrating
model of Chapter 17 may, therefore, be needed.

In surmary, the entire draft document represents a good first effort
to summarize an exceedingly complex set of issues, and the Subcommittee

camends EPA for the progress achieved to date.

1II. Specific Caments on the Revised Executive Summary

The Subcammittee belirves the Executive Surmary is extremely important
hecause it is likely © @ reuete the most attention and will e used for a
variety of purposes, im-:.iing domestic reqgulatory decision making and
international megotiat: -=. For this ceason, the Executive Summary needs

1

to be accurate and ex; L1 17, it provide A nalanced overview of the
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content and conclusions of the entire assessment document. The Subcomittes
spent most ct.the thﬁe at its second meeting reviewing and discussing

this portian-gf the document. It f;;Ehed the foIiawing'conclusions and
recxmnendati?ns:

1., The revised Executive Summary represents a marked improvement
over the briginai version. Our major criticism of the original Executive
Summary was its failure to reflect accurately and objectively the content
of the individual chapters in the report. EPA staff have made significant
progress in correcting this problanr

2. Additional revisions are still needed to reach the necessary level
of accuracy, balance and clarity. The Subcammittee recammends that both
the findings summary and the chapter summaries be organized into subsections
to facilitate their presentation. all long headings in the chapter
summaries should be_shortened Lo a brief sentence. The document should
also present an outline or diagram illustrating the atmospheric processes
involved in the creation and destruction of ozone. Hany specific suggestions
for improvement of the Executive Summary were discussed with or submitted
in writing to ﬁr. thn Hoffman for incorporation into a second revision
of the Executive Summary.

3, Although the Executive Sunnary is now more accurate and objective
in describing the information and coﬁclusions of the entire document,
statements‘interpreting the results for non-scientists, and indications
of the relative.importance of the issues considered, need to be provided.
For examplé, each point made in the Executive Summary appears to be given
equal weight, when clearly, the issues differ widely in terms of their
potential significanée. Specific recammendations for addréssing this
problem inélude:

a) EPA should clearly and forcefully state that, by the time it is



possible to detect decreases in ozone concentration with a high degree of

confidence, it may be too late to institute corrective measures that

L -

would reverse this trend.

b) Predictions of oczone depletion derived fram atmospheric models
are consistent, in most instances, with actual measurements of ozone
concentration, even though these Measurements are subject to considerable
uncertainty.

¢) Both the relative state of knowledge, and our ability to obtain
new information in the immediate future are different for each area
sumarized in the document. For some issues, it will take decades to
obtain missing information whereas, on others, rapid progress can be
predicted. However, this variation in the information base should not
preclude recognition of the potential problem of ozone depletion or |
making decisions that address the problem. Decisions can and should be
made, even in the face of current uncertainties,

d) The Executive Sumary should provide a sensze of proportion and
balance among the scientific 1ssues evaluated, particularly in presenting
the findings of the decument. Clearly, the consequences of ozone depletion
could be major fFor seme effects, even though the amount of information
avallable is small., A large amount of information dees not necessarily
imply greater importance compared to the effects on which little information
is available. EPA should attempt to prioritize the effects that might
result fram ozone deplerion and to distinguish between effects that are
of greater ~r lesser vinsequence on a glohal scale. The following table
1s provided to illustrars the Subcommittee's view of the velative significance

and state of knawledge tor cach of the effects Summarized in the report:



Effect  __ _ .!ﬁﬁﬁﬁﬁﬁpf.EPEE}?ﬂQF._ _ Potenrtial Global Impact
Skin Cancer Molirate to Righ leleratea

Irmune System - Lerw High

Cataracts . Moderate . v

Plant Life Lﬁw High

Aquatic Life Liviw High

Climate Impacts* Moderate Moderate
Tropospheric 03 Moderate Low

and Hollg o
Folymers Moderate L

* Contribution of 03 to climate charges, including sea level rise

A principal use of this table could be as a quide to research planning,
especially in conducting researqh for effects where current knowledge is-
low and potential global‘impacts are high. Such a table is. however, an
imperfect guide for allncating research dollars, an is subject to change

as new information becames available.

The Subcamittee doeé not know, based on current knowledge, whether
effects with a potential global impact designated as "high" with a state of
knowledge designated as low will occur but, if such effects are experienced,
they could be significant.

e) The Executive Summary should devote less emphasis to climate change
and its éffects, guch as sea le&el rise. It should focus, instead{ on
the contribution of changes in ozone concentration to climate modification,
rather than reviéwing all the-radiativélyhactive gases that affect climate.
We recognize that the ozone depletion and global warming (greenhouse)
issues are linked; nonetheless, the emphasis in this document should be
placed on stratospheric, rather than tropospheric processes.

IV. Specific Comments on Individual Chapters

Chapter 1: Goals and Approach

This short introductory chapter was not formally reviewed. The
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Subcommittee endorses trhe statement of burpose for the risk acsessment.

Chapter 2. Stratospheric Perturbants: Past Changes in Concentrations

This chapter on past changes imv.concentration of stratespheric perturbant
gases is generally acceptable as written, The discussion of CO should be
strengthened and additional discussion of volcanic gases and trace gas
lifetime may be appropriate.  The more accurate term "steady—state" should
be used instead of "equilibrium," EPA may wish to move the discussion of
atmospheric response dynamics (page 2-21 to Page 2-25) into Chapter 5, or
elsewhere, as a part of the discussion on modeling stratospheric response
to perturbant gases.

Chapter 3: Emissions of Qzone Modifiers

At the Subcammittee's request, EPA develcped a set of "what-if"
scenarios to explore the range of reasonable cutcomes for future CFC
world production., In addition to cases with constant growth rates in the
range of 0-5% annually, Fpa considered cases with near-term growth followed
by a leveling off and decrease in production levels. EPA should seak
assumptions and additional insights to characterize the CFC uses that may
cause high future demand for CFCs, such as widespread use of air conditioning
and refrigeration in developing nations, as opposed to describing scenarios
only in terms of annual Jrowth rate, Characterization of the potential
for substituting in various CFC uses may provide a means of developing
insight on the relative likelihood of the production scenariog. Given
the importance of the uncertainty in future world CFe production levels
on the projected timing and magnitude of stratospheric ozone changes,
further research on CEC Hses and their alternatives js highly desirable.

Chapter 4: Future fmissions and Concentrations of Trace Gases

As in Chapter 3, a central case For the growth of COz and other
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greenhcuse gasés,ﬁay project a misleaddng impression of currént ability
to predict the future evolution of athospheric conditions. The EPA
responded to the Subcamittee's suggestion to explore a set of scenarios
- v

ard a range of plausible future conditions., However, insights on the
potential role of fossil fuel uses, changes in deforestatldn, and other
factors underlylng changes - in greenhouse gas levels should be described.
Uncertainty on non—anthropogenic emissions and resultlng uncertainties in

the trends for CHy and N30 should be discussed further. This chapter could

benefit from extensive rewriting and reorganization,

Chapter 5: Assessment’ of the Risk of Stratospheric Ozone Modification

lThe discussion of one dimensional (1~D) models should be condensed while
more dls¢u551on of two dimensional (2-D) models and perhaps three dimensional
(3-D) modeling approaches would be useful in explaining the current under-—
standing of the complex set of relationships determining ozoﬁé 1evels and
cliﬁate changes. It is crucial to cammnicate the “Xtent df predictive
power of current models. We recognize the need for improﬁed,nndels that
can describe seasonal ap regional chamges in ozone abundande and the
resultiﬁg climatic changes. |

The Monte Carlo analysis of Stolarski- and Douglas indicates that
screening sets of variables to combinations that are reésdnably consistent
with available_atnnspheric measurament data changes the character of the
results as stated in the "wesutive Summary and the findings of Chapter 5.
The discussion on pages 5-28 and 5—93‘with,piguresis~57 and 5-58 should
become the hasis for rewvising the statement of thesge results, The choice
of material fof the chaptor summary sheuld be improved, The‘chapter

could benefit by extonsi - »31ting and rewriting,
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Chapter 6: Climate Change

The Subcammittee judged this to pe one of the better written chapters,
providing a balanced summary of the aVailable scientific information on
climate change. However, the focus of the chapter should be the contribution
of changes i; Czone concentration fram climate modification, rather rhap
a review of all the radiatively-active gases that atfect climate. The
chapter should place more emphasis on Stratospheric, rather than tropospheric
processes,  Linkages between ozone concentration changes and climate change
should be highlighted, and more attention paid to the effect of changes
in the vertical distribution of Ozone to climate impacts, A separation
of direct and indirect effects would be useful. The chapter should focus
on the direct effects of ozone on climate, and briefly summarize the
indirect effects of trace gases whose concéntratiOns affect both ozone
concentration and climate,

The document should define the eddy diffusion mefficient. The
discussion of the importance of cloud cover in detarmining heat balance
should be expanded to ar least half a page. More discussion of sensitivity
analysis and comparison of 1-p and 2-D model results would pe appropriate,
and some discussion of Further research using 2-D models to explore
Sensitivity issues would be a useful addition to the chapter. Ocean
thermal lag is another lmportant issue for determining climate response
and could use more discussion. Absolute concentration information should
be added to exhibit &-3.

Chapter 7: Nommelanmma Skin Cancer

The Subcormittew moerally agrees that thig chapter is concise,

comprenensive, and well written., No deficiencies were noted in the
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breadth of the material reviewed in this chapter. The Subcammittee concurs
that considerable évidence supports the conclusion that increased UVB
would incraqae the incidence.and moPtality of riSmmelanama skin cancer.
Speéific errﬁws in the text were noted and discussed with appropriate

\ . .

staff members.

Points requiring revision or remaining to be addressed in the body
of the text are the following:

1. There needs to be a clear statement of the potential impact of
increased UVB radiation on mortality from basal cell carcinoma and scuamous
ceil carcincma,

2. The document should present a discussion of the validity of
éxisting mortality data for normeloamma skin cancer and justification for
net basing predictions on these data.

3. The action spectra discussed in the chapter should be presented
diagrammatically. These include the action spectra for DNA, the modified
DNA actioQ spectrum corrected for skin transmission, the RB meter action
spectrum, the cutanequs edéema action spectrum, and the ereythema action
spectrum.

4; The chapter should justifiy the éelection of the action spectra
used in the caleculations.

5. The major problem with this chapter concerns the translation of
information within the chapter into statements concerning the expected
numbers of additional cancer cases and additional cancer deaths. The Sub-
committee requested an addendum that contains a list of the assumptions
underlying the calculatad increases in cancer incidence and rortality and
Some iqdication of the uncertainties contained within theée predicticons.
This addendum was receivad, and information fram it needs to be incorporated

into the chapter. The addendum itself should be included in the appendix.
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6. The Subcommittee earlier squEEted that a range of values for
incidence and mortality be utilized that would reflect predicted upper
and lower limits of increased UVB eXpbsure, rathér than using the central
case values, The staff have adopted thig suggestion in the revised
Executive Su;mary; it needs to be incorporated in Chapter 7.

Chapter 8: Melanama

In general, the Subcammittee agrees that thisg chapter pfovides a
camprehensive analysis of the evidence for and against the role of sunlight
and UVB radiation ag a contributing factor in the development of Cutaneoys
melancma in humans, Although there are still many uncertainties concemming
the relationship between UVB and melanama, the weight of current evidence,
especially that provided by recent epidemioclogic Studies, favors the
conclusion that increased UVE radiation is likely to increase the incidence
ard mortality of cutanecus melanoma in humans,

The points remaining to be addressed in this chapter are the following:

1. The staff has provided a statement of the ssumptions underlying
the calculated increases in the incidence and mortality of melancma to
the Subcommittee, aleng with justifications for the choice of critical
assumptions. This informatien needs to be incorporated into the chapter.

2. Two concepts need to be addressed in a revised chapter. The
first is that Uvs radiation could contribute to the incidence and mortalicy
of melanama without being a direct, causative agent responsible for the
transformation of normal me lanocytes inte cancer cells.  The chapter
presently considers only thﬁ.likelihood that UVB is a direct, causative
agent that induces cutapeous e lanana (See Figure 1). Second, the

chapter should emphasiz: that the term "melanoma® may Actually encompass
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a heterogenecus group of disease entities. The possibility that there
may be subsets of cutanecus melanoma that are caused, exacerbated or
completely unrelated to UVB should ?g raised in‘seeking explanations
for the cbecure relationship between gunlight exéosure and melancma
incidence.

3. Material included in this chapter as background information {pp.
8-7 to 8-13) also applies to chapter 7 and should be moved to the beginning
of chapter 7 and integrated with the infomation on action spectra,

4. The statements on the evidence Supporting the conclusion that
solar radiation is one cause of melanama (p. 8-4) need to be revised to
reflect more accurately the available scientific information,

Chapter 9: Immune System

The Subcammittee concurs with the genéral summary and conclusions
reached in this chapter. Specifically, there is reason to helieve thatl
UVB radiation has the potential to modify immune responses in humans and
that such modifications could conceivably imcrease the incidence or
severity of same infecricus diseases.

In general, the chapter is not well written or well organized, and
the Subcamittee made many detailed suggestions concerning appropriate
revision of the material to increase both its accuracy and its clarity.
However, the suggested revisions would not alter the general conclusions,

The Subcommittee notes several deficiencies in the presentation of
the work that require revision, They include:

1. The chapter dixs rat clarify the fact that feveral different
Immunologic consequences or 14g irradiation occur, each of which may have
a different action spectem.  The available action spectra should ne

illustrated in a Elgure..
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2. Ihe‘docuREnt should state that UVB exposure produces systemic
m:miogic changes, as well as 1oc;i changes wi:;hin irradiated skin,
Restriqting‘ansideration to cutanecus infections may represent too narrow
a view of the.potential consequences of increased UVB irradiation.

3. This chapter should state that, although UVB induced effects
on the immne system might contribute to the induction and pathogenesis
of skin cancers, this fact is not likely to increase the predicted
estimates of increases in skin cancer incidence and mortality.

4. A point needing further emphasis is that most immunologic studies
to date have not assessed the effects of long-term, chronic UVB irradiation,
but have concentrated. on acute effects.

Chaptér 10: Cataracts.

The chapter on cataracts and other eye disorders is comprehensive and
extremely well written. The Subcammittee does not =elieve that any major
study has been omitted in-the bibliography, and EPi's assessment of each
paper appears to be accurate and balanced.

The findings are accurately stated and succinctly express the
legitimate concern that an increase in the flux of the UVB radiation may
lead to an inérease in cataract incidence around the world. The Subcommittee
agrees with these Eindings‘anq with the Agency's method of presenting them.

Near the end of the chapter, the document emphasizes the effect of
UVB radiation on the DNA content of lens cells. This represents an
important point that is well treated in the chapter. Researchers have
emphasized the effect of irradiation on lens protein} and there has heen

relatively little discussion of the impact of VB radiation on lens DNA.



- 18 =

The selection of epidemiologic studies relevant to this issue isg
correct and well presented, A majéE‘limitationHthch EPA staff may wish to
address is Ehat all of the studies are handicapped by the lack of an
individual dose meter to measure the ultraviolet exposure on a case by
case basis. To date, we have not had such an instrument for use in proépective
studies and, therefore, have relied on general radiation levels at different
latitudes to estimate the Exposures of individualg living at those latitudes,
The discussion of the multifactorial nature of senile cataract formation
is accurate. Within one to three years, three major studies of the rigk factors
in senile cataracr formation will pe campleted in Boston, Parma, Italy
and Delhi, India. These Studies will alsg indirectly address the question of
ultraviolet exposure and cataract type and severity.

Chapter 11: Terrestrial Effects

The Subcammittee agrees that this chapter presents a balanced overview
of available material. The only concern is that the summary statements
for this chapter are not balanced and tend to emphasize the negative
aspects of the material.

This chapter reviews the available information concerning UVB
radiation effects on plants as thig relates to the question of potentiml
effects of oazone reduction. Ultravioler screening tests with agricultural
species and cultivars, as well as actual field trialg using WV lamps, are
described,

Complicating facr:wrs Such as the appropriate action spectra to use
in evaluating czone change and effects of WV lamp supplementation on the

resulting ozone reduct ion simulations, Plant acclimation to enhanced UV
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radiation, and lnteractlons with other enviromental factors such as
drought and carbon dioxide enhancemEnt are dlscussed Interpretation of
the data and caveats concerning limitations in drawing conclusions from
these data are offered. )

Overall, the text, considering the length allotted, is reasonablf
complete and balanced. On the other hand, the summary tends to accentuate
results supporting the detrimental effects of ozone reduction, This
results in a statement of findings and a summary which are much less
balanced than the text itself,

Chapter 12: Aquatic Effects

Tnis is a very thorough, well written chapter. It accurately conveys
the extant information on the effects of solar ultraviolet tadiatian on
aquatic systems and explains the difficulties in extending these data to
an assesgment of the effects of stratospheric ozone reduction. There are
a few passages describing laboratory experiments where it is not clear
whether the ultraviolet radiation simulating a certain ozone reduction
is calculated as that striking the water surface or at scme depth in the
water, Occa$ionally, experimental results are not always clearly
distinguished frem calculated impacts. We believe the issue of large
migrations of aquatic populations, e.g. 30° latitude, while illustrative,
are unrealistic and could he misleading. These could be eliminated
without detracting from the content of the chapter,

As with Chapter i, as8e3sing the impacts of stratospharic ozone
reduction on cammunitiss ang eCosystems has received less attention and
regsearch than issues such as skin cancer. The Subcommittee believes the

potential impacts on ALATLT and terrestrial food chains, and the potential
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effects on the equilibrium of plant and animal assemblages, are just as
important as the more intensively ;;Gdied humanuéffects. This importance
needs to be‘conveyed not only in Chapters 11 and 12 but also in the sumaries
of these chapters and in the Executive Summary.

Chapter 13: Polymers

The econamic analysis on polymer damages is based on the assumpt ion
of a small increase in the destruction rate of the polymer material
multiplied by a large value for the inventory of material in place. The
assumptions of the analysis should be stated more clearly, and the
uncertainities in this econcmic analysis should be highlighted. Discounting
future damages should be discussed.

The rate of polymer degradation depends on the actual action specﬁrum,
which is undoubtedly different for each kind of polymer. These spectra
should be measured experimentally before any confiience can be placed in
the predictions, 1n many cases, it would be expected that UVB contributes
only a small fraction of the total rate and, therefore, the rate would
be very insensitive to changes in stratospheric ozone.

The estimates presented by EPA are reasonable in the absence of real
data, but the require& measurements are not difficult and should be made.

Chapter 14: Potential Effects on Tropospheric Ozone

The document should sresent a more extensive introduction te the
discussion of health and welfare effects of tropospheric ozone. The
modeling discussion now Frund on page 14-11 should be expanded and placed
near the front of the chapter, The material on page 9 should he shown as
@ qraph. ALl three ci-:¢5 zhould be shown in the tigure, page 14-12.

The word "smog" is ¢2ilmuial and zhould be avoided. The discussion of
mog ;




the spectral resolution of UV needed for photochemistry shoﬁld be strengthened.
The quéstion of what happens to global Lropospheric ozone as UVB increaseg
needs expanding {scme discussion of ghis issue i; found in Chapter 5),

The limitétiéns of the analﬁsis in this chapter should pe stressed more.

The effect of CFC emissions reductions on tropospheric czone shoyld be
discussed. Discugssion of mass flux and other interactions between the
troposphere and stratosphere sheuld be - added. |

Chapter 15: Sea Level Rise

The Subccrmittee reached a consensus that this chapter adéquately covers
the subject ﬁaterial. However, additional qualifying statements need to be
added to the éummary statements,

This chap;er requires more carefyl caveats in the summary and findings
and references té Major reports on sea level rise. Assumpt ions should.be
clearly sta;ed. The range of 50-200 am. of sea level rise Seems narrow in
view of the many uncertainties on climate change, and the basis for
calculating thislrange should be made explicit, The implications for loss
of land of a 1 meter rise might be statred.

More discussion of thg econamic aspects of sea level rise would be
desirable.

Chapter 16 and Appendix B: Impacts of Climate Change

The discussion focuses mainly on North America and Eurcpe. The Subcan—
mittee encourages the staff ro present more information on the rice Crop
and other aspects of agriculture in the developing world, The docurment
should émphaéize that‘uw:wrtainty In the regional effects is substantial,
Catastrophic episodes sucon a5 floods, droughts, and severe storms may

cause much of the damaye, nd these aplsxies cannot be reliably predicted.
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This chapter represents a compilation of potential consequences of global
warming. These synoposes address pﬁ&&ntial changeﬁ in forest and other
vegetation distributions, agricultural implications, hydrological cycles
and weather effects on morbidity and mortality. This collection of
vignettes is, of course, one of only many possible compilatichs since
global warming can have many ramifications.

Chapters 17 and 18: Integrating Model and Results

The objective of the integrating model is to provide a framework
within which the implications of alternative assumptions and policies can
be identified. The Subcammittee finds this objective cammendable and
supports EPA's effort to make the assumptions and the logic used in the
risk assessment explicit and readily available to interested members of
the public. The integrating model appears to be a gl vehicle for -
summarizing the assumptions and calculations described in previous chapters
of the risk assessment. An integrating model such as this represents an
excellent tool for examining the implications of algernative assumptions—-
"what if" scenarios--and for investigating the importance of uncertainties
in different areas ot science for policy and research conclusions.

The logic and implementation of the integrating model as a camputer
code were the subject of a factfinding meeting of four members of the Sub-
camittee on January 14, that also included John Hof fman of EPA, and
representatives from EPA's contractor, ICF. Prior to the meeting, these
Subcammi ttee meﬁbers received a listing of input files and the FORTRAN
computer code for the model. Other technical documentation for the model
does not exist at this tim. Rased on the written material in Chapter 17
and the discussion at this meeting, the Subcormmittee believes that the model,

and the results of the nodel caleulations presented in Chapter 18, appear
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reascnable. chévér, the model has not undergone détailed review outside
of the EPA/ICF team that developed -ix, and it has not been documented and
placed ‘in a fb:m accessible to dtside parties,

" The materlal in Chapters 17 and 18 will need substantial revision as
the analysis with the 1ntegrat1ng model 1s revised to meet reccnmendatlons
fram the Sub@anmlttee regarding the Executive Summary and. the other
chapters. The revised versions of Chapter 17 and 18 should stress the
structure of the mndel and the insights cbtained fram the analysis that
has been carrled out uszng the mxiel, including: what issues were addressed
and not addrpssed in the model, and how issues not included in the
1ntegrat1ng nudel could affect overall conclusions, The.sensitivi:y analysis
and the lnterpretatlon of the sensitivity analeis should be expanded, and
conclusions on the importance of uncertainty in various areas of science
made more explicit. What areas of science are most significant for policy
conclusions and as targets for future research? As one example, the Sub-
camnittee judged that impacts on plants and aquati: organisms are among
the most important potential effects of ozene depletion, yet these impacts
are included in the model only by considering changes in one crop, soybeans,
and one species of aquatic organisms, anchovies, More comprehensive quanﬁi-
tative assessment of potential impacts on plants and aquatic organisms sheuld
be identified as a target for further research and analysis as the risx
assessment methodology {s further refined. As another example, the
integrating model does not include mechanismg relating to the recent

observations of ozope depletion over Antarctica. AS a result, it would
be inappropriate to cire the results of the model as indicating that
changes exceeding a few percent in stratospheric ozone concentration will

not take place until well into the next century.
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The integrating model should Have extensiveé-additional technical
documentation. A listing of the FORTRAN code is inadequate éns a hasis for
cmnicatir;g the details of the model. Many parties interested in
stratospheric ozone risk assessment may find it valuable to l';ave access
to the integrating model in order to carry cut analyses of the impacts of
CFC emissions on ozone and climate change. The Subcamittee recammends
that EPA provide adequate technical documentation of the integrating
model in the form of apperdices to the risk assessment, ard that Fpa
include in its future plans the development of a "user-friendly" version

of the integrating model that can be placed in the public damain for use

by others.




